Abstract. Nine different materials were selected for three 2005 Numisheet Benchmark studies. A set of standard material properties was measured using a common test method. Specification on the test method and procedure is described in this paper. The specific methods used in the determination of standard material properties, r-value, the forming limit curve and coefficient of friction are also provided.
INTRODUCTION
There are many different ways to use the stress and strain data from a uniaxial tension test. While some may choose to use a Holloman or Voce law, others may want to use the actual true stress -true strain data. Some of FEA codes may also be capable to input three different direction stress and strain data simultaneously to account for the difference in the stress and strain relations in different directions. To accommodate these different requirements, a set of Standard Material Properties for a given material is obtained for all 2005 Numisheet Benchmark materials, which includes raw engineering stress and strain data, true stress and true plastic strain data and mechanical properties such as yield strength, tensile strength, uniform elongation, total elongation, nvalue and r-value from three different orientations. In this paper, the specification used in the measurement of these properties is described and the summary of some of these properties is presented. The methods used to determine the forming limit curve and the coefficient of friction are also provided. The users can select any appropriate material data for their benchmark simulation studies on the basis of these Standard Material Properties data.
MATERIALS
There were a total of nine different materials used in three 2005 Numisheet benchmark studies: two in benchmark 1 (BM1), three in benchmark 2 (BM2) and four in benchmark 3 (BM3). The description of benchmark materials is listed in Table I:   Table I Benchmark Material Description In the table, BH180 is a bake hardenable steel with a minimum yield strength of 180 MPa; DP965 and DP600 are dual phase steels with a minimum tensile strength 965 and 600 MPa, respectively; HSLA340 is an high strength low alloy steel with a minimum yield strength of 340 MPa; DQSK is an deep draw special killed steel (a mild steel). In the coating column, EG denotes the Electro-Galvanize coated steel with a coating weight of 60 g/m 2 ; HDGA denotes the hot dipped galvanneal coated steel with a coating weight of 45 g/m 2 and HDGI denotes the hot dipped galvanize coated steel with a coating weight of 60 g/m 2 . All gauges in Table I were measured from the original flat sample with coating.
EXPERIMENTAL METHOD

Uniaxial Tension Test
All mechanical properties were measured using a uniaxial tension test based on the ASTM E8 standard test method. The tests were performed using the specimen cut from the samples in three different orientations (L -along the rolling direction of the sheet, T -90 degrees to the rolling direction and D -45 degrees to the rolling direction). Three replicates were made for each orientation (9 specimens in total). The tests were conducted at a constant speed of 1 inch/min (25.4 mm/min) with a 2-inch (50.8 mm) extensometer used for the strain and elongation measurements along the axial loading direction.
Instead of automatic in-situ measurement with a width extensometer that requires a subtraction of the elastic component, manual r-value (anisotropy value of the sheet) measurements after unloading were made for all specimens in three orientations (9 sets of data). The strain level used to determine the r-value was at 10% strain for aluminum alloys and at the next whole percentage number below uniform elongation for steels. For example, if the uniform elongation is 18.7%, then the r-value will be measured at 18% strain. The r-value is determined from the ratio of width strain to thickness strain from the specimen at the given strain level as shown in the following equation: 
Forming Limit Curves
The forming limits curves (FLC's) for these materials were individually provided by the material suppliers, which can be either experimental/empirical or theoretical in origin. For all steels, the FLC o (the forming limit at the plane strain condition) was calculated using the following equation :
where n is the n-value that is determined using the data in the strain range between 10% and 20% if the uniform elongation is equal to or greater than 20% or between 10% and uniform elongation if the uniform elongation is less than 20%; t is the original flat sheet thickness in mm. The shape of the FLC is assumed to be the same for all steel grades.
Coefficients of Friction
Friction measurements were obtained through the Twist Compression Test by IRDI. Additional friction tests were also performed at each individual material supplier's facilities using the Drawbead Test or the Bending Under Tension Test. On the basis of testing results, the coefficient of friction was derived for each material used in the benchmarks.
TEST RESULTS
The average mechanical properties in the L, T and D orientations, listed in Table II , are calculated from the results of three replicated tests. Except for the r-value, the mean value here is the arithmetic average of the values for L, T and D orientation. The mean value for the r-value is calculated from equation (2). In the table, the yield strength was determined by the 0.2% offset method for all materials except for the HSLA340 material, which was determined from the low yield point since this material presented a yield point elongation (YPE).
The n and K values are the parameters used in the power law shown below:
where O is the true stress and £ is the true strain.
The K-value and n-value were determined from the strain range between 1% and the uniform elongation except for the HSLA340 material, which was determined from the strain range between the strain at the end of YPE and the uniform elongation. reported in a worksheet named "Average".
The average values calculated with the results from all tensile tests are reported in a worksheet named "Summary". 4) Anisotropic r-value measurements are also reported for each orientation and individual test in the worksheet named "Average".
Additional tests were also conducted for some materials to provide the parameters used in the more sophisticated material models. Many of these test results are summarized in the worksheet of Advanced Model in the Standard Material File. Additional files for selected materials and measurements were reported under the "Auxiliary Material Data" and the detail can be found in another report on the aluminum alloys benchmark materials in the conference proceedings.
The true stress and true strain curves for all benchmark materials are shown in Figures 1, 2 The coefficients of friction for the benchmark materials are summarized in Table III . The coefficients of friction can also be found in the Standard Material Properties file in a worksheet named "Average".
The forming limits curves (FLC's) are provided in a separate worksheet of the Standard Material File named "FLD". It should be noted that the FLC data is for reference purpose only, since the benchmarks have not been designed to exceed the forming limits of the materials. These FLC's may be either experimental or theoretical in origin.
